The National Surgery Quality Improvement Program (NSQIP) and Portsmouth Physiological and Operative Severity Score for enUmeration of Mortality and Morbidity (P-POSSUM) are well-established risk calculators employed by surgeons worldwide to calculate predicted surgical mortality and morbidity. Since 2008, the Hospital Authority has implemented the Surgical Outcomes Monitoring and Improvement Program (SOMIP) for auditing of 30-day mortality in emergency surgery. In the present study, we aimed to compare the performance of this locally-developed risk calculator with NSQIP and P-POSSUM for 30-day mortality predictions in patients undergoing emergency colectomy. Patients and Methods: The present study was a retrospective study of 119 patients who underwent emergency colectomy between January and December 2014 at the Department of Surgery, Queen Elizabeth Hospital, Hong Kong. The predicted mortality rate was calculated by SOMIP, NSQIP and P-POSSUM. Data were analysed by the area under the receiver-operator characteristic curve (AUROC). Results: The overall mortality rate was 12.6 per cent (15/119). The AUROC for SOMIP was 0.908 [95 per cent confidence interval (CI): 0.845-0.970, P < 0.05), whereas the the AUROC for NSQIP and P-POSSUM were 0.903 (95 per cent CI: 0.815-0.990, P < 0.05) and 0.842 (95 per cent CI: 0.743-0.942, P < 0.05), respectively. The SOMIP calculator provided the highest AUROC and was comparable to the other two wellestablished international risk calculators. Conclusions: All three risk calculators (SOMIP, NSQIP and P-POSSUM) showed considerable accuracy in predicting the 30-day mortality rate. The SOMIP risk calculator was comparable to the well-established international risk calculators NSQIP and P-POSSUM.
Introduction
In modern surgery, there is growing concern over the accurate prediction of surgical mortality and morbidity. The accurate prediction of surgical outcome aids surgeons in perioperative counselling, communication and rapport building with the patients, avoiding nonbeneficial surgeries and reducing postoperative complications. For the health-care system, it facilitates auditing of surgical outcomes and saves medical expenditure overall. In the USA, studies have shown that the use of the National Surgery Quality Improvement Program (NSQIP) reduced complications from 500 to 250 annually, 1 and saved $US2 million in hospital expenditure in the long run. 2, 3 Over the past years, numerous scoring systems have been developed. One of the more popular systems is the Physiologic and Operative Severity Score for enUmeration of Mortality and Morbidity (POSSUM), published by Copeland et al. in 1991. 4 This formula calculates mortality and morbidity by adjusting different physiological and operative factors to allow fair surgical outcome auditing. Subsequent studies on POSSUM by Whiteley et al. reported an overestimation of predicted mortality in low-risk patients, thus a modified system, the Portmouth POS-SUM (P-POSSUM), was proposed. 5 The NSQIP is another system developed by the American College of Surgeons as a part of their quality improvement initiative in 1994. Since its creation, over 110 000 major surgical cases have been added to the database each year, and with its utilization, a 47 per cent drop in postoperative mortality and 43 per cent drop in morbidity rates have been observed in veterans affairs hospitals from 1991 to 2006. 6 These well-established risk calculators show considerable promise in revolutionizing surgical auditing overseas; however, there is limited evidence to support their use in local patients in Hong Kong. Inspired by the success of the NSQIP, the Surgical Outcomes Monitoring and Improvement Program (SOMIP) was introduced by the Hospital Authority in 2008 to monitor the surgical outcomes in 17 public hospitals in Hong Kong. By utilizing data derived from local patients in Hong Kong, this risk calculator generates 30-day surgical predicted mortality in surgical patients based on a series of perioperative physiological attributes. Yet its validity has not been studied to date.
The aim of the present study was to investigate the performance of the SOMIP in comparison with the two well-established international risk calculators: the P-POSSUM and NSQIP. For the present study, we selected emergency colectomy as our main focus. With over 1000 emergency operations for intestinal obstruction, diverticulitis and ischaemic bowel in a year, 7 emergency colectomy remains a major health care burden in Hong Kong public hospitals, with high rates of operative morbidity and mortality.
Methods
The present study was a retrospective study of patients aged >18 years undergoing emergency colectomy between January 2014 and December 2014 at the Department of Surgery, Queen Elizabeth Hospital, Hong Kong. The data collected from the electronic patient records included their demographics, comorbidities, the American Society of Anaesthesiologists (ASA) score, 8 types of operation, operative details, laboratory results and postoperative outcomes.
The operations were all performed on an urgent unscheduled setting. The indications of emergency colectomy included perforation, sepsis, obstruction or ischaemia. Only open surgery was included; laparoscopic colectomies were excluded as very few cases were performed laparoscopically in the emergency setting at our centre.
The right colon was defined as the caecum to hepatic flexure, the left colon as the splenic flexure to sigmoid colon, transverse colon as the segment in between and the rectum as the segment below the recto-sigmoid junction. Operative details (blood loss, ASA grading, intraoperative status, duration and type of operation) were extracted from operative records and anaesthetic notes. Intraoperative shock was defined as hypotension requiring inotropic support. Intraoperative acidosis was determined from blood pH by i-STAT (Abbott , point of care, Princeton, NY, USA) testing. Postoperative mortality was defined as death within 30 days of an operation from any cause. The P-POSSUM was calculated according to the following formula:
NSQIP scores were obtained from the online calculator on the American College of Surgeons risk calculator website (www.riskcalculator.facs.org). SOMIP scores were calculated from the online calculator by the Chinese University of Hong Kong website (https:// www.surgery.cuhk.edu.hk/mrc/). Extracted patient data were analysed by IBM New York, NY, USA. The accuracy of the SOMIP, P-POSSUM and NSQIP to predict mortality was assessed by the receiveroperator characteristic (ROC) curve analysis; the greater the area under the curve, the greater the probability of concordance between predicted and observed outcomes.
Approval from the research ethics committee of Kowloon Central Cluster (Kowloon, Hong kong) was obtained for the present study.
Results
A total of 119 patients underwent emergency colectomy during the study period. The mean age of these patients was 69 years (range: 31-95 years). The male to female ratio was 68:51. Among these patients, 67.2 per cent (80/119) had an ASA class of >3. The most common site of pathology was the right colon (57/119, 47.9 per cent). Most patients (71/119, 59.7 per cent) were operated on for complications of malignancy. Fifty-one patients (42.9 per cent) had a perforation of the colon, and 72 (66.4 per cent) had intraabdominal collection or ascites during the operation. Right hemicolectomy (66/119) was the most commonly-performed procedure, followed by Hartmann's operation (39/119). Detailed demographic data are shown in Table 1 .
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Mortality
The 30-day mortality was 12.6 per cent (15/119). The mean SOMIP, NSQIP and P-POSSUM predicted mortality was 19.15, 8 and 8.02 per cent, respectively. Therefore, the outcome : expected ratio was 0.657 for SOMIP, 1.58 for NSQIP and 1.57 for P-POSSUM, respectively. The area under the ROC (AUROC) for the SOMIP was 0.908 (95 percent CI: 0.845-0.970, P < 0.05), whereas the AUROC for the NSQIP & P-POSSUM were 0.903 (95 per cent CI: 0.815-0.990, P < 0.05) and 0.842 (95 per cent CI: 0.743-0.942, P < 0.05), respectively ( Fig. 1 ; Table 2 ). The SOMIP had the highest AUROC and was comparable to the NSQIP and P-POSSUM.
Discussion
With surgical outcome auditing gaining importance in recent years, numerous scoring systems have been developed, 9 including the ASA grades, Acute Physiology and Chronic Health Evaluation II 10 and Simplified Acute Physiology Score-II.
11
The P-POSSUM and NSQIP are just two of the many. A multitude of studies have been performed to validate their accuracy. [12] [13] [14] [15] However, all of these risk calculators were developed overseas and there is still doubt on their applicability to local patients undergoing emergency surgeries.
From our current cohort of patients, it appears that the SOMIP has the highest accuracy in predicting 30-day surgical mortality, as evident from an AUROC of 0.908 versus 0.903 for the NSQIP and 0.842 for the P-POSSUM. The SOMIP risk calculator is practically easier to use, as most of its parameters are according to the patient's latest change of clinical condition; for example, recent weight loss, ascites, respiratory and hemodynamic status and blood biochemical markers, which would be immediately available and familiarized by the attending surgeons. Moreover, these data can be well utilized, even by junior surgeons. Although the SOMIP risk calculator might change every year after the release of the latest SOMIP report annually, this might in fact be the strength of this risk calculator, as it would become more accurate in reflecting the true expected mortality rate after accumulating more local data. It might have a tendency to overestimate surgical mortality when compared to the NSQIP and P-POSSUM, with an outcome : expected . We postulate that this might be because both the P-POSSUM and NSQIP calculators include more operative parameters (e.g. blood loss, peritoneal contamination, type of operation) in their formula, whereas the SOMIP only stratifies according to magnitude (major versus ultramajor). Therefore, when several smaller-scale procedures are done together in a single operation, it might have been misclassified into an ultra-major operation, resulting in a higher predicted mortality. Moreover, we believe that postoperative support is one of the major factors that affect 30-day surgical mortality, which none of the calculators included in their algorithm. With risk stratification systems gaining popularity in the intensive care unit (ICU) for decision-making on patient admissions, the highest predicted risk patients are more likely to receive ICU support, resulting in an improved chance of survival. This might explain the slight tendency to overpredict mortality with the SOMIP calculator. Yet despite its flaws, the SOMIP appears to be comparable to both the NSQIP and P-POSSUM in mortality predictions, and we believe that it is currently the best option for utilization in our locality. In view of the advantages of this risk calculator, the SOMIP risk calculator might help change our clinical practice by promoting the widespread use of the calculation of risks before major emergency operations for high-risk patients. This might help frontline surgeons in counselling patient and their families in making the best conjoint decision for operations.
One limitation of the present study was the small sample size. The average number of emergency colectomies annually in Hong Kong is approximately 1000, 7 but only one-tenth was included in the present study. More patients could have been recruited if it were a multicentre study spanning several years. We hope that the present study can serve as pilot study and inspire future large-scale studies to evaluate the long-term outcomes of SOMIP utilization, particularly regarding the reduction of surgical complications and the subsequent financial impact.
In conclusion, all three risk calculators (the SOMIP, NSQIP and P-POSSUM) were valid models for predicting 30-day mortality in patients undergoing emergency colectomy. The SOMIP provides the highest AUROC and was comparable to the two wellestablished international risk calculators: the NSQIP and P-POSSUM. Further large-scale studies are required to evaluate the long-term clinical and financial impact of utilization of the SOMIP. 
